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ENVIRONMENTAL PROTECTION
AGENCY

[FRL-5605-9]

Proposed Guidelines for Ecological
Risk Assessment

AGENCY: U.S. Environmental Protection
Agency.

ACTION: Notice of Availability and
Opportunity to Comment on Proposed
Guidelines for Ecological Risk
Assessment.

SUMMARY: The U.S. Environmental
Protection Agency (EPA) is today
publishing a document entitled
Proposed Guidelines for Ecological Risk
Assessment (hereafter ““Proposed
Guidelines™). These Proposed
Guidelines were developed as part of an
interoffice Guidelines development
program by a Technical Panel of the
Risk Assessment Forum. The Proposed
Guidelines expand upon the previously
published EPA report Framework for
Ecological Risk Assessment (EPA/630/
R—92/001, February 1992), while
retaining the report’s broad scope. When
final, these Proposed Guidelines will
help improve the quality of ecological
risk assessments at EPA while
increasing the consistency of
assessments among the Agency’s
program offices and regions.

DATES: The Proposed Guidelines are
being made available for a 90-day public
review and comment period. Comments
must be in writing and must be
postmarked by December 9, 1996. See
Addresses section for guidance on
submitting comments.

FOR FURTHER INFORMATION CONTACT: Bill
van der Schalie, National Center for
Environmental Assessment-Washington
Office, telephone: 202—-260-4191.
ADDRESSES: The Proposed Guidelines
will be made available in the following
ways:

(1) The electronic version will be
accessible on EPA’s Office of Research
and Development home page on the
Internet at http://www.epa.gov/ORD/
WebPubs/fedreg.

(2) 3%2" high-density computer
diskettes in Wordperfect 5.1 format will
be available from ORD Publications,
Technology Transfer and Support
Division, National Risk Management
Research Laboratory, Cincinnati, OH,;
telephone: 513-569-7562; fax: 513—
569-7566. Please provide the EPA No.
(EPA/630/R-95/002B) when ordering.

(3) This notice contains the full
proposed guideline. In addition, copies
will be available for inspection at EPA
headquarters and regional libraries,
through the U.S. Government

Depository Library program, and for
purchase from the National Technical
Information Service (NTIS), Springfield,
VA,; telephone: 703—-487-4650, fax: 703—
321-8547. Please provide the NTIS No.
PB96-193198; Price Code Al13: ($47.00)
when ordering.

Submitting Comments

Comments on the Proposed
Guidelines should be submitted to: U.S.
Environmental Protection Agency, Air
and Radiation Docket and Information
Center (6102), Attn: File ORD-ERA-96—
01, Waterside Mall, 401 M St. SW,
Washington, DC 20460. Please submit
one unbound original with pages
numbered consecutively, and three
copies. For attachments, provide an
index, number pages consecutively,
provide comment on how the
attachments relate to the main
comment(s), and submit an unbound
original and three copies. Please
identify all comments and attachments
with the file number ORD-ERA-96-01.
Mailed comments must be postmarked
by the date indicated. Comments may
also be submitted electronically by
sending electronic mail (e-mail) to: A-
and-R-Docket@epamail.epa.gov.
Electronic comments must be submitted
as an ASCII file avoiding the use of
special characters and any form of
encryption. Comments and data will
also be accepted on disks in
WordPerfect 5.1 file format or ASCII file
format. All comments in electronic form
also must be identified by the file
number ORD-ERA—-96-01.

The Air and Radiation Docket and
Information Center is open for public
inspection and copying between 8:00
a.m. and 5:30 p.m., weekdays, in Room
M-1500, Waterside Mall, 401 M St. SW,
Washington, DC 20460. The Center is
located on the ground floor in the
commercial area of Waterside Mall. The
file index, materials, and comments are
available for review in the information
center or copies may be mailed on
request from the Air and Radiation
Docket and Information Center by
calling (202) 260-7548 or —7549. The
FAX number for the Center is (202) 260—
4400. A reasonable fee may be charged
for copying materials.

Please note that all technical
comments received in response to this
notice will be placed in the public
record. For that reason, commentors
should not submit personal information
such as medical data or home addresses,
confidential business information, or
information protected by copyright. Due
to limited resources, acknowledgments
will not be sent.

SUPPLEMENTARY INFORMATION: These
Proposed Guidelines are EPA'’s first

Agency-wide ecological risk assessment
guidelines. They are broad in scope,
describing general principles and
providing numerous examples to show
how ecological risk assessment can be
applied to a wide range of systems,
stressors, and biological/spatial/
temporal scales. This general approach
provides sufficient flexibility to permit
EPA’s offices and regions to develop
specific guidance suited to their
particular needs. Because of their broad
scope, the Proposed Guidelines do not
provide detailed guidance in specific
areas nor are they highly prescriptive.
Frequently, rather than requiring that
certain procedures always be followed,
the Proposed Guidelines describe the
strengths and limitations of alternate
approaches. Agency preferences are
expressed where possible, but because
ecological risk assessment is a relatively
new, rapidly evolving discipline,
requirements for specific approaches
could soon become outdated. EPA is
working to expand the references in the
Proposed Guidelines to include
additional review articles or key
publications that will help provide a
“window to the literature” as
recommended by peer reviewers. In the
future, EPA intends to develop a series
of shorter, more detailed guidance
documents on specific ecological risk
assessment topics after these Proposed
Guidelines have been finalized.

These Proposed Guidelines were
prepared during a time of increasing
interest in the field of ecological risk
assessment and reflect input from many
sources outside as well as inside the
Agency. Over the last few years, the
National Research Council proposed an
ecological risk paradigm (NRC, 1993),
there has been a marked increase in
discussion of ecological risk assessment
issues at meetings of professional
organizations, and numerous articles
and books on the subject have been
published. Agency work on the
Proposed Guidelines has proceeded in a
step-wise fashion during this time.
Preliminary work began in 1989 and
included a series of colloquia sponsored
by EPA’s Risk Assessment Forum to
identify and discuss significant issues in
ecological risk assessment (U.S. EPA,
1991). Based on this early work and on
a consultation with EPA’s Science
Advisory Board (SAB), the Agency
decided to produce ecological risk
assessment guidance sequentially,
beginning with basic terms and
concepts and continuing with the
development of source materials for
these Proposed Guidelines. The first
product of this effort was the Risk
Assessment Forum report, Framework
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for Ecological Risk Assessment
(Framework Report; U.S. EPA, 1992a,b),
which proposes principles and
terminology for the ecological risk
assessment process. Since then, the
Agency has solicited suggestions for
ecological risk assessment guidelines
structuring (U.S. EPA, 1992c) and has
sponsored the development of other
peer-reviewed materials, including
ecological assessment case studies (U.S.
EPA, 1993a, 1994a), and a set of issue
papers that highlight important
principles and approaches that EPA
scientists should consider in preparing
these Proposed Guidelines (U.S. EPA,
1994b,c).

The nature and content of these
Proposed Guidelines have been shaped
by these documents as well as
numerous meetings and discussions
with individuals both within and
outside of EPA. In late 1994 and early
1995, the Agency solicited responses to
the planned nature and structure of
these Proposed Guidelines at three
colloquia with Agency program offices
and regions, other Federal agencies, and
the public. Draft Proposed Guidelines
were discussed at an external peer
review workshop in December, 1995
(U.S. EPA, In Press). Subsequent
reviews have included the Agency’s
Risk Assessment Forum and the
Regulatory and Policy Development
Committee, and interagency comment
by members of subcommittees of the
Committee on the Environment and
Natural Resources of the Office of
Science and Technology Policy. The
EPA appreciates the efforts of all
participants in the process and has tried
to address their recommendations in
these Proposed Guidelines.

The EPA’s Science Advisory Board
will review these Proposed Guidelines
at a future meeting. Following public
and SAB reviews, Agency staff will
prepare comment summaries.
Appropriate comments will be
incorporated, and the revised
Guidelines will be submitted to EPA’s
Risk Assessment Forum for review. The
Agency will consider comments from
the public, the SAB, and the Risk
Assessment Forum when finalizing
these Proposed Guidelines.

The public is invited to provide
comments to be considered in EPA
decisions about the content of the final
Guidelines. EPA asks those who
respond to this notice to include their
views on the following:

(1) Consistent with a recent National
Research Council report (NRC, 1996),
these Proposed Guidelines emphasize
the importance of interactions between
risk assessors and risk managers as well
as the critical role of problem

formulation to ensuring that the results
of the risk assessment can be used for
decision-making. Overall, how
compatible are these Proposed
Guidelines with the National Research
Council concept of the risk assessment
process and the interactions between
risk assessors, risk managers, and other
interested parties?

(2) The Proposed Guidelines are
intended to provide a starting point for
Agency program and regional offices
that wish to prepare ecological risk
assessment guidance suited to their
needs. In addition, the Agency intends
to sponsor development of more
detailed guidance on certain ecological
risk assessment topics. Examples might
include identification and selection of
assessment endpoints, selection of
surrogate or indicator species, or the
development and application of
uncertainty factors. Considering the
state of the science of ecological risk
assessment and Agency needs and
priorities, what topics most require
additional guidance?

(3) Some reviewers have suggested
that the Proposed Guidelines should
provide more discussion of topics
related to the use of field observational
data in ecological risk assessments, such
as selection of reference sites,
interpretation of positive and negative
field data, establishing causal linkages,
identifying measures of ecological
condition, the role and uses of
monitoring, and resolving conflicting
lines of evidence between field and
laboratory data. Given the general scope
of these Proposed Guidelines, what, if
any, additional material should be
added on these topics and, if so, what
principles should be highlighted?

(4) The scope of the Proposed
Guidelines is intentionally broad.
However, while the intent is to cover
the full range of stressors, ecosystem
types, levels of biological organization,
and spatial/temporal scales, the
contents of the Proposed Guidelines are
limited by the present state of the
science and the relative lack of
experience in applying risk assessment
principles to some areas. In particular,
given the Agency’s present interest in
evaluating risks at larger spatial scales,
how could the principles of landscape
ecology be more fully incorporated into
the Proposed Guidelines?

(5) Assessing risks when multiple
stressors are present is a challenging
task. The problem may be how to
aggregate risks attributable to individual
stressors or to identify the principal
stressors responsible for an observed
effect. Although some approaches for
evaluating risks associated with
chemical mixtures are available, our

ability to conduct risk assessments
involving multiple chemical, physical,
and biological stressors, especially at
larger spatial scales, is limited.
Consequently, the Proposed Guidelines
primarily discuss predicting the effects
of chemical mixtures and on general
approaches for evaluating causality of
an observed effect. What additional
principles can be added?

(6) Ecological risk assessments are
frequently conducted in tiers that
proceed from simple evaluations of
exposure and effects to more complex
assessments. While the Proposed
Guidelines acknowledge the importance
of tiered assessments, the wide range of
applications of tiered assessments make
further generalizations difficult. Given
the broad scope of the Proposed
Guidelines, what additional principles
for conducting tiered assessments can
be discussed?

(7) Assessment endpoints are
“explicit expression of the
environmental value that is to be
protected”. As used in the Proposed
Guidelines, assessment endpoints
include both an ecological entity and a
specific attributes of the entity (e.g.,
eagle reproduction or extent of
wetlands). Some reviewers have
recommended that assessment
endpoints also include a decision
criterion that is defined early in the risk
assessment process (e.g., no more than
a 20% reduction in reproduction, no
more than a 10% loss of wetlands).
While not precluding this possibility,
the Proposed Guidelines suggest that
such decisions are more appropriately
made during discussions between risk
assessors and managers in risk
characterization at the end of the
process. What are the relative merits of
each approach?

Dated: August 21, 1996.
Carol M. Browner,
Administrator.

Proposed Guidelines for Ecological
Risk Assessment
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Executive Summary

The ecological problems facing
environmental scientists and
decisionmakers are numerous and
varied. Growing concern over potential
global climate change, loss of
biodiversity, acid precipitation, habitat
destruction, and the effects of multiple
chemicals on ecological systems has
highlighted the need for flexible
problem-solving approaches that can
link ecological measurements and data
with the decisionmaking needs of
environmental managers. Increasingly,
ecological risk assessment is being
suggested as a way to address this wide
array of ecological problems.

Ecological risk assessment “‘evaluates
the likelihood that adverse ecological
effects may occur or are occurring as a
result of exposure to one or more
stressors” (U.S. EPA, 1992a). Itis a
process for organizing and analyzing
data, information, assumptions, and
uncertainties to evaluate the likelihood
of adverse ecological effects. Ecological
risk assessment provides a critical
element for environmental
decisionmaking by giving risk managers
an approach for considering available
scientific information along with the
other factors they need to consider (e.g.,
social, legal, political, or economic) in
selecting a course of action.

To help improve the quality and
consistency of EPA’s ecological risk
assessments, EPA’s Risk Assessment
Forum initiated development of these
guidelines. The primary audience for
this document is risk assessors and risk
managers at EPA, although these
guidelines may be useful to others
outside the Agency (e.g., Agency
contractors, state agencies, and other
interested parties). These guidelines are
based on and replace the 1992 report,
Framework for Ecological Risk
Assessment (referred to as the
Framework Report). They were written
by a Forum work group and have been
extensively revised based on comments
from outside peer reviewers as well as
Agency staff. The guidelines retain the
Framework Report’s broad scope, while
expanding on some framework concepts
and modifying others to reflect Agency
experiences. EPA intends to follow
these guidelines with a series of shorter,

more detailed documents that address
specific ecological risk assessment
topics. This “bookshelf”” approach
provides the flexibility necessary to
keep pace with developments in the
rapidly evolving field of ecological risk
assessment while allowing time to form
consensus, where appropriate, on
science policy inferences (default
assumptions) to bridge gaps in
knowledge.

Ecological risk assessment includes
three primary phases (problem
formulation, analysis, and risk
characterization). Within problem
formulation, important areas include
identifying goals and assessment
endpoints, preparing the conceptual
model, and developing an analysis plan.
The analysis phase involves evaluating
exposure to stressors and the
relationship between stressor levels and
ecological effects. In risk
characterization, key elements are
estimating risk through integration of
exposure and stressor-response profiles,
describing risk by discussing lines of
evidence and determining ecological
adversity, and preparing a report. The
interface between risk assessors and risk
managers at the beginning and end of
the risk assessment is critical for
ensuring that the results of the
assessment can be used to support a
management decision.

Both risk assessors and risk managers
bring valuable perspectives to the initial
planning activities for an ecological risk
assessment. Risk managers charged with
protecting environmental values can
ensure that the risk assessment will
provide information relevant to a
decision. Ecological risk assessors
ensure that science is effectively used to
address ecological concerns. Both
evaluate the potential value of
conducting a risk assessment to address
identified problems. Further objectives
of the initial planning process are to
establish management goals that are
agreed upon, clearly articulated, and
contain a way to measure SUCCESS;
determine the purpose for the risk
assessment by defining the decisions to
be made within the context of the
management goals; and agree upon the
scope, complexity, and focus of the risk
assessment, including the expected
output and available resources.

Problem formulation, which follows
these planning discussions, provides a
foundation upon which the entire risk
assessment depends. Successful
completion of problem formulation
depends on the quality of three
products: assessment endpoints,
conceptual models, and an analysis
plan. Since problem formulation is
inherently interactive and iterative, not

linear, substantial reevaluation is
expected to occur within and among all
products of problem formulation.

Assessment endpoints are “explicit
expressions of the actual environmental
value that is to be protected” (U.S. EPA,
1992a) that link the risk assessment to
management concerns. Assessment
endpoints include both a valued
ecological entity and an attribute of that
entity that is important to protect and
potentially at risk (e.g., nesting and
feeding success of piping plovers or
areal extent and patch size of eelgrass).
For a risk assessment to have scientific
validity, assessment endpoints must be
ecologically relevant to the ecosystem
they represent and susceptible to the
stressors of concern. Assessment
endpoints that represent societal values
and management goals are more
effective in that they increase the
likelihood that the risk assessment will
be used in management decisions.
Assessment endpoints that fulfill all
three criteria provide the best
foundation for an effective risk
assessment.

Potential interactions between
assessment endpoints and stressors are
explored by developing a conceptual
model. Conceptual models link
anthropogenic activities with stressors
and evaluate interrelationships between
exposure pathways, ecological effects,
and ecological receptors. Conceptual
models include two principal
components: risk hypotheses and a
conceptual model diagram.

Risk hypotheses describe predicted
relationships between stressor,
exposure, and assessment endpoint
response. Risk hypotheses are
hypotheses in the broad scientific sense;
they do not necessarily involve
statistical testing of null and alternative
hypotheses or any particular analytical
approach. Risk hypotheses may predict
the effects of a stressor (e.g., a chemical
release) or they may postulate what
stressors may have caused observed
ecological effects. Key risk hypotheses
are identified for subsequent evaluation
in the risk assessment.

A useful way to express the
relationships described by the risk
hypotheses is through a diagram of a
conceptual model. Conceptual model
diagrams are useful tools for
communicating important pathways in a
clear and concise way and for
identifying major sources of uncertainty.
Risk assessors can use these diagrams
and risk hypotheses to identify the most
important pathways and relationships
that will be evaluated in the analysis
phase. Risk assessors justify what will
be done as well as what will not be done
in the assessment in an analysis plan.
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The analysis plan also describes the
data and measures to be used in the risk
assessment and how risks will be
characterized.

The analysis phase, which follows
problem formulation, includes two
principal activities: characterization of
exposure and characterization of
ecological effects. The process is
flexible, and interaction between the
ecological effects and exposure
evaluations is recommended. Both
activities include an evaluation of
available data for scientific credibility
and relevance to assessment endpoints
and the conceptual model. In exposure
characterization, data analyses describe
the source(s) of stressors, the
distribution of stressors in the
environment, and the contact or co-
occurrence of stressors with ecological
receptors. In ecological effects
characterization, data analyses may
evaluate stressor-response relationships
or evidence that exposure to a stressor
causes an observed response.

The products of analysis are summary
profiles that describe exposure and the
stressor-response relationships.
Exposure and stressor-response profiles
may be written documents or modules
of a larger process model. Alternatively,
documentation may be deferred until
risk characterization. In any case, the
objective is to ensure that the
information needed for risk
characterization has been collected and
evaluated.

The exposure profile identifies
receptors and exposure pathways and
describes the intensity and spatial and
temporal extent of exposure. The
exposure profile also describes the
impact of variability and uncertainty on
exposure estimates and reaches a
conclusion about the likelihood that
exposure will occur.

The stressor-response profile may
evaluate single species, populations,
general trophic levels, communities,
ecosystems, or landscapes—whatever is
appropriate for the assessment
endpoints. For example, if a single
species is affected, effects should
represent appropriate parameters such
as effects on mortality, growth, and
reproduction, while at the community
level, effects may be summarized in
terms of structure or function depending
on the assessment endpoint. The
stressor-response profile summarizes
the nature and intensity of effect(s), the
time scale for recovery (where
appropriate), causal information linking
the stressor with observed effects, and
uncertainties associated with the
analysis.

Risk characterization is the final
phase of an ecological risk assessment.

During risk characterization, risks are
estimated and interpreted and the
strengths, limitations, assumptions, and
major uncertainties are summarized.
Risks are estimated by integrating
exposure and stressor-response profiles
using a wide range of techniques such
as comparisons of point estimates or
distributions of exposure and effects
data, process models, or empirical
approaches such as field observational
data.

Risk assessors describe risks by
evaluating the evidence supporting or
refuting the risk estimate(s) and
interpreting the adverse effects on the
assessment endpoint. Criteria for
evaluating adversity include the nature
and intensity of effects, spatial and
temporal scales, and the potential for
recovery. Agreement among different
lines of evidence of risk increases
confidence in the conclusions of a risk
assessment.

When risk characterization is
complete, a report describing the risk
assessment can be prepared. The report
may be relatively brief or extensive
depending on the nature and the
resources available for the assessment
and the information required to support
a risk management decision. Report
elements may include:

« A description of risk assessor/risk
manager planning results.

< A review of the conceptual model
and the assessment endpoints.

« A discussion of the major data
sources and analytical procedures used.
« A review of the stressor-response

and exposure profiles.

e A description of risks to the
assessment endpoints, including risk
estimates and adversity evaluations.

e A summary of major areas of
uncertainty and the approaches used to
address them.

< A discussion of science policy
judgments or default assumptions used
to bridge information gaps, and the basis
for these assumptions.

To facilitate understanding, risk
assessors should characterize risks “in a
manner that is clear, transparent,
reasonable, and consistent with other
risk characterizations of similar scope
prepared across programs in the
Agency” (U.S. EPA, 1995c).

After the risk assessment is
completed, risk managers may consider
whether additional follow-up activities
are required. Depending on the
importance of the assessment,
confidence level in the assessment
results, and available resources, it may
be advisable to conduct another
iteration of the risk assessment in order
to facilitate a final management

decision. Ecological risk assessments are
frequently designed in sequential tiers
that proceed from simple, relatively
inexpensive evaluations to more costly
and complex assessments. Initial tiers
are based on conservative assumptions,
such as maximum exposure and
ecological sensitivity. When an early
tier cannot sufficiently define risk to
support a management decision, a
higher assessment tier that may require
either additional data or applying more
refined analysis techniques to available
data may be needed. Higher tiers
provide more ecologically realistic
assessments while making less
conservative assumptions about
exposure and effects.

Another option is to proceed with a
management decision based on the risk
assessment and develop a monitoring
plan to evaluate the results of the
decision. For example, if the decision
was to mitigate risks through exposure
reduction, monitoring could help
determine whether the desired
reduction in exposure (and effects) was
achieved. Monitoring is also critical for
determining the extent and nature of
any ecological recovery that may be
occurring. Experience obtained by using
focused monitoring results to evaluate
risk assessment predictions can help
improve the risk assessment process and
is encouraged.

Communicating ecological risks to the
public is usually the responsibility of
risk managers. Although the final risk
assessment document (including its risk
characterization sections) can be made
available to the public, the risk
communication process is best served
by tailoring information to a particular
audience. It is important to clearly
describe the ecological resources at risk,
their value, and the costs of protecting
(and failing to protect) the resources
(U.S. EPA, 1995c). The degree of
confidence in the risk assessment and
the rationale for risk management
decisions and options for reducing risk
are also important (U.S. EPA, 1995c).

1. Introduction

Ecological risk assessment is a process
for organizing and analyzing data,
information, assumptions, and
uncertainties to evaluate the likelihood
of adverse ecological effects. Ecological
risk assessment provides a critical
element for environmental
decisionmaking. This document, which
is structured by the stages of the
ecological risk assessment process,
provides Agency personnel with broad
guidelines that can be adapted to their
specific requirements.

The full definition of ecological risk
assessment is:
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“The process that evaluates the
likelihood that adverse ecological effects
may occur or are occurring as a result
of exposure to one or more stressors.”
(U.S. EPA, 19923a)

Several terms within this definition
require further explanation:

e * * *|jkelihood * * *”
Descriptions of risk may range from
gualitative judgments to quantitative
probabilities. While risk assessments
may include quantitative risk estimates,
the present state of the science often
may not support such quantitation. It is
preferable to convey qualitatively the
relative magnitude of uncertainties to a
decision maker than to ignore them
because they may not be easily
understood or estimated.

e ‘“* * *adverse ecological effects
* * *» Ecological risk assessments deal
with anthropogenic changes that are
considered undesirable because they
alter valued structural or functional
characteristics of ecological systems. An
evaluation of adversity may consider the
type, intensity, and scale of the effect as
well as the potential for recovery.

e '“* * *mgay occur or are occurring
* * *7 Ecological risk assessments may
be prospective or retrospective.

Retrospective ecological risk
assessments evaluate the likelihood that
observed ecological effects are
associated with previous or current
exposures to stressors. Many of the same
methods and approaches are used for
both prospective and retrospective
assessments, and in the best case, even
retrospective assessments contain
predictive elements linking sources,
stressors and effects.

e % * *one or more stressors
* * *7 Ecological risk assessments may
address single or multiple chemical,
physical, or biological stressors. (See
Appendix A for definitions of stressor
types.) Because risk assessments are
conducted to provide input to
management decisions, this document
focuses on stressors generated or
influenced by anthropogenic activity.

The overall ecological risk assessment
process is shown in figure 1-1.1
Problem formulation is the first phase of
the process where the assessment
purpose is stated, the problem defined,
and the plan for analyzing and

1Changes in process and terminology from EPA’s
previous ecological risk assessment framework
(U.S. EPA, 1992a) are summarized in Appendix A.

characterizing risk determined. In the
analysis phase, data on potential effects
of and exposures to stressor(s) identified
during problem formulation are
technically evaluated and summarized
as exposure and stressor-response
profiles. These profiles are integrated in
risk characterization to estimate the
likelihood of adverse ecological effects.
Major uncertainties, assumptions, and
strengths and limitations of the
assessment are summarized during this
phase. While discussions between risk
assessors and risk managers are
emphasized both at risk assessment
initiation (planning) and completion
(communicating results), these
guidelines maintain a distinction
between risk assessment and risk
management. Risk assessment focuses
on evaluating the likelihood of adverse
effects, and risk management involves
the selection of a course of action in
response to an identified risk that is
based on many factors (e.g., social, legal,
political, or economic) in addition to the
risk assessment results. Section 1.1
briefly discusses how risk assessments
fit into a decisionmaking context.

BILLING CODE 6560-50-P
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Figure 1-1. The framework for ecological risk assessment (U.S. EPA, 1992a). Ecological
risk assessment is shown as a three-phase process including problem formulation, analysis,
and risk characterization. Important activities associated with ecological risk assessment
include discussions between risk assessors and risk managers and data acquisition and
monitoring. Ecological risk assessments frequently follow an iterative or tiered approach.
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The bar along the right side of figure
1-1 shows several activities that are
associated with risk assessments: data
acquisition, iteration, and monitoring.
While the risk assessment may focus on
data analysis and interpretation,
acquiring the appropriate quantity and
quality of data for use in the process is
critical. If such data are lacking, the risk
assessment may stop until the necessary
data are acquired. As discussed in text
note 1-3, the process is more frequently
iterative than linear, since the
evaluation of new data or information
may require revisiting a part of the
process or conducting a new
assessment.

Monitoring data can provide
important input to all phases of the risk
assessment process. For example,
monitoring can provide the impetus for
initiating a risk assessment by
identifying changes in ecological
condition. In addition, monitoring data
can be used to evaluate the results
predicted by the risk assessment. For
example, follow-up studies could be
used to determine whether techniques
used to mitigate pesticide exposures in
field situations in fact reduce exposure
and effects as predicted by the risk
assessment. Or, for a hazardous waste
site, monitoring might help verify
whether source reduction resulted in
anticipated ecological changes.
Monitoring is also critical for
determining the extent and nature of
any ecological recovery that may occur.
The experience gained by comparing
monitoring results to evaluate risk
assessment predictions can help
improve the risk assessment process and
is encouraged.

1.1. Ecological Risk Assessment in a
Management Context

Ecological risk assessment is
important for environmental
decisionmaking because of the high cost
of eliminating environmental risks
associated with human activities and
the necessity of making regulatory
decisions in the face of uncertainty
(Ruckelshaus, 1983; Suter, 1993a). Even
so, ecological risk assessment provides
only a portion of the information
required to make risk management
decisions. This section describes how
ecological risk assessments fit into a
larger management framework.

1.1.1. Contributions of Ecological Risk
Assessment to Environmental
Decisionmaking

At EPA, ecological risk assessments
provide input to a diverse set of
environmental decisionmaking
processes, such as the regulation of
hazardous waste sites, industrial

chemicals, and pesticides, or the
management of watersheds affected by
multiple nonchemical and chemical
stressors. The ecological risk assessment
process has several features that
contribute to managing ecological risks:

* In arisk assessment, changes in
ecological effects can be expressed as a
function of changes in exposure to a
stressor. This inherently predictive
aspect of risk assessment may be
particularly useful to the decision maker
who must evaluate tradeoffs and
examine different alternatives.

* Risk assessments include an
explicit evaluation of uncertainties.
Uncertainty analysis lends credibility
and a degree of confidence to the
assessment that can strengthen its use in
decisionmaking and can help the risk
manager focus research on those areas
that will lead to the greatest reductions
in uncertainty.

« Risk assessments can provide a
basis for comparing, ranking, and
prioritizing risks. The risk manager can
use such information to help decide
among several management alternatives.

« Risk assessments emphasize
consistent use of well-defined and
relevant endpoints. This is especially
important for ensuring that the results of
the risk assessment will be expressed in
a way that the risk manager can use.

1.1.2. Risk Management Considerations

Although risk assessors and risk
managers interact both at the initiation
and completion of an ecological risk
assessment (sections 2, 3, 5 and 6), risk
managers decide how to use the results
of an assessment and whether a risk
assessment should be conducted. While
a detailed review of management issues
is beyond the scope of these guidelines,
key areas are highlighted below.

e Arisk assessment is not always
required for management action. When
faced with compelling ecological risks
and an immediate need to make a
decision, a risk manager might proceed
without an assessment, depending on
professional judgment and statutory
requirements (U.S. EPA, 1992a).

¢ Because initial management
decisions or statutory requirements
significantly affect the scope of an
assessment, it is important, where
possible, for risk managers to consider
a broader scope or alternative actions for
a risk assessment. Sometimes a
particular statute may require the risk
assessment to focus on one type of
stressor (e.g., chemicals) when there are
other, perhaps more important, stressors
in the system (e.g., habitat alteration). In
other situations, however, it may be
possible to evaluate a range of options.
For example, before requesting an

ecological risk assessment of alternative
sites for the construction and operation
of a dam for hydroelectric power, risk
managers may consider larger issues
such as the need for the additional
power and the feasibility of using other
power-generating options.

« Risk managers consider many
factors in making regulatory decisions.
Legal mandates may require the risk
manager to take certain courses of
action. Political and social
considerations may lead the risk
manager to make decisions that are
either more or less ecologically
protective. Economic factors may also
be critical. For example, a course of
action that has the least ecological risk
may be too expensive or technologically
infeasible. If cost-benefit analysis is
applied, ecological risks may be
translated into monetary terms to be
compared against other monetary
considerations. Thus, while ecological
risk assessment provides critical
information to risk managers, it is only
part of the whole environmental
decisionmaking process.

1.2. Scope and Intended Audience

These guidelines replace the EPA
report, Framework for Ecological Risk
Assessment (referred to as the
Framework Report, U.S. EPA, 1992a).
As a next step in developing Agency-
wide guidance, the guidelines expand
on and modify framework concepts to
reflect Agency experience in the several
years since the Framework Report was
published (see Appendix A). Like the
Framework Report, these guidelines are
broad in scope, describing general
principles and providing numerous
examples to show how ecological risk
assessment can be applied to a wide
range of systems, stressors, and
biological, spatial, and temporal scales.
This approach provides flexibility to
permit EPA’s offices and regions to
develop specific guidance suited to their
particular needs.

The proposed policies set out in this
document are intended as internal
guidance for EPA. Risk assessors and
risk managers at EPA are the primary
audience for this document, although
these guidelines may be useful to others
outside the Agency (e.g., Agency
contractors, state agencies, and other
interested parties). These Proposed
Guidelines are not intended, nor can
they be relied upon, to create any rights
enforceable by any party in litigation
with the United States. This document
is not a regulation and is not intended
for EPA regulations. These Proposed
Guidelines set forth current scientific
thinking and approaches for conducting
and evaluating ecological risk
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assessments. As with other EPA
guidelines (developmental toxicity, 56
FR 63798—-63826; exposure assessment,
57 FR 22888-22938; and
carcinogenicity, 61 FR 17960-18011),
EPA will revisit these guidelines as
experience and scientific consensus
evolves.

These guidelines do not provide
detailed guidance in specific areas nor
are they intended to be highly
prescriptive. These guidelines describe
the strengths and limitations of alternate
approaches and may not apply to a
particular situation based upon the
circumstances. Agency preferences are
expressed where possible, but because
ecological risk assessment is a rapidly
evolving discipline, requirements for
specific approaches could soon become
outdated. EPA intends to develop a
series of shorter, more detailed guidance
documents on specific ecological risk

assessment topics after these guidelines
have been finalized.

These guidelines emphasize processes
and approaches for analyzing data
rather than specific data collection
techniques, methods, or models. Also,
while these guidelines discuss the
interface between the risk assessor and
risk manager, a detailed discussion of
the use of ecological risk assessment
information in the risk management
process (e.g., the economic, legal,
political, or social implications of the
risk assessment results) is beyond the
scope of these guidelines. Other EPA
publications discuss how ecological
concerns have been addressed in
decisionmaking at EPA (U.S. EPA,
19949) and provide an introduction to
ecological risk assessment for risk
managers (U.S. EPA, 1995b).

1.3. Guidelines Organization

These guidelines are structured
according to the ecological risk

assessment process as shown in figure
1-2. Within problem formulation
(section 3), important areas addressed
include identifying goals and
assessment endpoints, preparing the
conceptual model, and developing an
analysis plan. The analysis phase
(section 4) involves evaluating exposure
to stressors and the relationship
between stressor levels and ecological
effects. In risk characterization (section
5), key elements are estimating risk
through integration of exposure and
stressor-response profiles and
describing risk by discussing lines of
evidence, interpreting adversity, and
summarizing uncertainty. In addition,
discussions between the risk assessor
and risk manager at the beginning
(section 2) and end of the risk
assessment (section 6) are highlighted.

BILLING CODE 6560-50-P
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Figure 1-2. The ecological risk assessment framework, with an expanded view of each
phase. Within each phase, rectangular boxes designate inputs, hexagon-shaped boxes
indicate actions, and circular boxes represent outputs. Problem formulation, analysis, and
risk characterization are discussed in sections 3, 4, and 5, respectively. Sections 2 and 6
describe interactions between risk assessors and risk managers.
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The reader may notice that cross-
cutting topics are covered in several
sections. These include uncertainty,
models, evaluating data, causality,
linking measures of effect to assessment
endpoints, and identifying ecological
effects. Considerations appropriate to
the different phases of ecological risk
assessment are discussed.

2. Planning The Risk Assessment:
Dialogue Between Risk Managers and
Risk Assessors

The purpose for an ecological risk
assessment is to produce a scientific
evaluation of ecological risk that enables
managers to make informed
environmental decisions. To ensure that
ecological risk assessments meet risk
managers’ needs, a planning dialogue
between risk managers and risk
assessors (see text notes 2—1 and 2-2) is
a critical first step toward initiating
problem formulation and plays a
continuing role during the conduct of
the risk assessment. Planning is the
beginning of a necessary interface
between risk managers and risk
assessors and is represented by a side
box in the ecological risk assessment
diagram (see figure 1-2). It is due to the
importance of planning and the
significant role it plays in ecological risk
assessments that this section on
planning is incorporated into guidelines
on ecological risk assessment. However,
it is imperative to remember that the
planning process is distinct from the
scientific conduct of an ecological risk
assessment. This distinction helps
ensure that political and social issues,
while helping to define the objectives
for the risk assessment, do not bias the
scientific evaluation of risk.

During the planning dialogue, risk
managers and risk assessors each bring
important perspectives to the table. In
general, risk managers are charged with
protecting societal values (e.g., human
health and the environment) and must
ensure that the risk assessment will
provide information relevant to a
decision. To meet this charge, risk
managers describe why the risk
assessment is needed, what decisions it
will support, and what they want to
receive from the risk assessor. It is also
helpful for managers to consider what
problems they have encountered in the
past when trying to use risk assessments
for decisionmaking. In turn, it is the
ecological risk assessors’ role to ensure
that science is effectively used to
address ecological concerns. Risk
assessors describe what they can
provide to the risk manager, where
problems are likely to occur, and where
uncertainty may be problematic. Both
evaluate the potential value of

conducting a risk assessment to address
identified problems.

Both risk managers and risk assessors
are responsible for coming to agreement
on the goals, scope, and timing of a risk
assessment and the resources that are
available and necessary to achieve the
goals. Together they use information on
the area’s ecosystems, regulatory
endpoints, and publicly perceived
environmental values to interpret the
goals for use in the ecological risk
assessment. Examples of questions risk
managers and risk assessors may
address during planning are provided in
text note 2-3.

The first step in planning may be to
determine if a risk assessment is the best
option for making the decision required.
Questions concerning what is known
about the degree of risk, what
management options are available to
mitigate or prevent it, and the value of
conducting a risk assessment compared
with other ways of learning about and
addressing environmental concerns are
asked during these discussions. In some
cases, a risk assessment may add little
value to the decision process. It is
important for the risk manager and risk
assessor to explore alternative options
for addressing possible risk before
continuing to the next planning stage
(see section 1.1.2).

Once the decision is made to conduct
a risk assessment, planning focuses on
(1) establishing management goals that
are agreed on, clearly articulated, and
contain a way to measure success; (2)
defining the decisions to be made
within the context of the management
goals; and (3) agreeing on the scope,
complexity, and focus of the risk
assessment, including the expected
output and the technical and financial
support available to complete it. To
achieve these objectives, risk managers
and risk assessors must each play an
active role in planning the risk
assessment.

2.1. Establishing Management Goals

Management goals for a risk
assessment are established by risk
managers but are derived in a variety of
ways. Many Agency risk assessments
are conducted based on legally
established management goals (e.g.,
national regulatory programs generally
have management goals written into the
law governing the program). In this case,
goal setting was previously completed
through public debate in establishing
the law. In most cases, legally
established management goals do not
provide sufficient guidance to the risk
assessor. For example, the objectives
under the Clean Water Act to “protect
and maintain the chemical, physical

and biological integrity of the nation’s
waters’ are open to considerable
interpretation. Agency managers and
staff often interpret the law in
regulations and guidance. Significant
interaction between the risk assessor
and risk manager may be needed to
translate the law into management goals
for a particular location or
circumstance.

As the Agency increasingly
emphasizes “‘place-based” or
“‘community-based’”” management of
ecological resources as recommended in
the Edgewater Consensus (U.S. EPA,
1994e), management goals take on new
significance for the ecological risk
assessor. Management goals for “places”
such as watersheds are formed as a
consensus based on diverse values
reflected in Federal, state, and local
regulations; constituency group
agendas; and public concerns.
Significant interactions among a variety
of interested parties are required to
generate agreed-on management goals
for the resource (see text note 2—4).
Public meetings, constituency group
meetings, evaluation of resource
management organization charters, and
other means of looking for management
goals shared by these diverse groups
may be necessary. Diverse risk
management teams may elect to use
social scientists trained in consensus-
building methods to help establish
management goals. While management
goals derived in this way may require
further definition (see text note 2-5),
there is increased confidence that these
goals are supported by the audience for
the risk assessment.

Regardless of how management goals
are established, goals that explicitly
define which ecological values are to be
protected are more easily used to design
a risk assessment for decisionmaking
than general management goals.
Whenever goals are general, risk
assessors must interpret those goals into
ecological values that can be measured
or estimated and ensure that the
managers agree with their interpretation
(see text note 2—6). Legally mandated
goals generally are interpreted by
Agency managers and staff. This
interpretation may be performed once
and then applied to the multiple similar
assessments (e.g. evaluation of new
chemicals). For other risk assessments,
the interpretation is unique to the
ecosystem being assessed and must be
done on a case-by-case basis as part of
the planning process.

2.2. Management Decisions

A risk assessment is shaped by the
kind of decision it will support. When
a management decision is explicitly
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stated and closely aligned to
management actions, the scope, focus,
and conduct of the risk assessment are
well defined by the specificity of the
decision to be made. Some of these risk
assessments are used to help establish
national policy that will be applied
consistently across the country (e.g.,
premanufacture notices for new
chemicals, protection of endangered
species). Other risk assessments are
designed for a specific site (e.g.,
hazardous waste site clean-up level).
When decision options (e.g., decision
criteria in the data quality objectives
process, U.S. EPA, 1994d; see section
3.5.2 for more details) are known prior
to the risk assessment, a number of
assumptions are inherent in those
options that need to be explicitly stated
during planning. This ensures that the
decision criteria are not altering the
scientific validity of the risk assessment
by inappropriately applying
assumptions or unnecessarily limiting
the variables. For many risk
assessments, there may be a range of
possible management options for
managing risk. When different
management options have been
identified (e.g., leave alone, clean up, or
pave a contaminated site), risk
assessment can be used to predict
potential risk across the range of these
management options.

Risk assessments may be designed to
provide guidance for management
initiatives for a region or watershed
where multiple stressors, ecological
values, and political factors influence
decisionmaking. These risk assessments
require great flexibility and breadth and
may use national risk-based information
and site-specific risk information in
conjunction with regional evaluations of
risk. As risk assessment is more
frequently used to support landscape-
scale management decisions, the
diversity, breadth, and complexity of
the risk assessments increase
significantly and may include
evaluations that focus on understanding
ecological processes influenced by a
diversity of human actions and
management options. Risk assessments
used in this application are often based
on a general goal statement and require
significant planning to establish the
purpose, scope, and complexity of the
assessment.

2.3. Scope and Complexity of the Risk
Assessment

Although the purpose for the risk
assessment determines whether it is
national, regional, or local, the resources
available for conducting the risk
assessment determines how extensive
and complex it can be within this

framework and the level of uncertainty
that can be expected. Each risk
assessment is constrained by the
availability of data, scientific
understanding, expertise, and financial
resources. Within these constraints
there is much to consider when
designing a risk assessment. Risk
managers and risk assessors must
discuss in detail the nature of the
decision (e.g., national policy, local
economic impact), available resources,
opportunities for increasing the resource
base (e.g., partnering, new data
collection, alternative analytical tools),
and the output that will provide the best
information for decisions required (see
text note 2-7).

Part of the agreement on scope and
complexity is based on the maximum
uncertainty that is acceptable in
whatever decision the risk assessment
supports. The lower the tolerance for
uncertainty, the greater the scope and
complexity needed in the risk
assessment. Risk assessments completed
in response to legal mandates and likely
to be challenged in court often require
rigorous attention to acceptable levels of
uncertainty to ensure that the
assessment will be used in a decision.
A frank discussion is needed between
the risk manager and risk assessor on
sources of uncertainty in the risk
assessment and ways uncertainty can be
reduced (if necessary) through selective
investment of resources. Where
appropriate, planning could account for
the iterative nature of risk assessment
and include explicitly defined steps.
These steps may take the form of “tiers”
that represent increasing levels of
complexity and investment, with each
tier designed to reduce uncertainty. The
plan may include an explicit definition
of iterative steps with a description of
levels of investment and decision
criteria for each tier. Guidance on
addressing the interplay of management
decisions, study boundaries, data needs,
uncertainty, and specifying limits on
decision errors may be found in EPA’s
guidance on data quality objectives
(U.S. EPA, 1994d).

2.4. Planning Outcome

The planning phase is complete when
agreements are reached on the
management goals, assessment
objectives, the focus and scope of the
risk assessment, resource availability,
and the type of decisions the risk
assessment is to support. Agreements
may encompass the technical approach
to be taken in a risk assessment as
determined by the regulatory or
management context and reason for
initiating the risk assessment (see
section 3.2), the spatial scale (e.g., local,

regional, or national), and temporal
scale (e.g., the time frame over which
stressors or effects will be evaluated).

In mandated risk assessments,
planning agreements are often codified
in regulations, and little documentation
of agreements is warranted. In risk
assessments where planning decisions
can be highly variable, a summary of
planning agreements may be important
for ensuring that the risk assessment
remains consistent with early
agreements. A summary can provide a
point of reference for determining if
early decisions may need to be changed
in response to new information. There
is no defined format, length, or
complexity for a planning summary. It
is a useful reference only and should be
tailored to the complexity of the risk
assessment it represents. However, a
summary is recommended to help
ensure quality communication between
and among risk managers and risk
assessors and to document the decisions
that have been agreed upon.

Once planning is complete, the formal
process of risk assessment begins
through the initiation of problem
formulation. During problem
formulation, risk assessors should
continue the dialogue with risk
managers following assessment
endpoint selection and once the
analysis plan is completed. At these
points, potential problems can be
identified before the risk assessment
proceeds.

3. Problem Formulation Phase

Problem formulation is a formal
process for generating and evaluating
preliminary hypotheses about why
ecological effects have occurred, or may
occur, from human activities. As the
first stage of an ecological risk
assessment, it provides the foundation
on which the entire assessment
depends. During problem formulation,
management goals developed during
planning are evaluated to establish
objectives for the risk assessment, the
problem is defined, and the plan for
analyzing data and characterizing risk is
determined. Any deficiencies in
problem formulation will compromise
all subsequent work on the risk
assessment (see text note 3-1).

3.1. Products of Problem Formulation

Successful completion of problem
formulation depends on the quality of
three products: (1) assessment
endpoints that adequately reflect
management goals and the ecosystem
they represent, (2) conceptual models
that describe key relationships between
a stressor and assessment endpoint or
among several stressors and assessment
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endpoints, and (3) an analysis plan.
Essential to the development of these
products are the effective integration
and evaluation of available information.

The following discussion focuses on
the products of problem formulation
and the information that determines the
nature of those products. The products
are featured in the problem formulation
diagram as circles (see figure 3-1). The
types of information that must be
evaluated to generate those products are
shown in the hexagon.
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To enhance clarity, the organization
of the following discussion follows the
above topics. However, problem
formulation is not necessarily
completed in the order presented here.
First, the order in which products are
produced is directly related to why the
ecological risk assessment is initiated,
as addressed in section 3.2. Second,
problem formulation is inherently
interactive and iterative, not linear.
Substantial reevaluation is expected to
occur within and among all products of
problem formulation.

3.2. Integration of Available Information

The foundation for problem
formulation is the integration of
available information on the sources of
stressors and stressor characteristics,
exposure, the ecosystem(s) potentially at
risk, and ecological effects (see figure 3—
1). When key information is of the
appropriate type and sufficient quality
and quantity, problem formulation can
proceed effectively. When key
information is unavailable in one or
more areas, the risk assessment may be
temporarily suspended while new data
are collected. If new data cannot be
collected, then the risk assessment will
depend on what is known and what can
be extrapolated from that information.
Complete information is not available at
the beginning of many risk assessments.
When this is the case, the process of
problem formulation assists in
identifying where key data are missing
and provides the framework for further
research where more data are needed.
Where data are few, a clear articulation
of the limitations of conclusions, or
uncertainty, from the risk assessment
becomes increasingly critical in risk
characterization (see text note 3-2).

The reason why an ecological risk
assessment is initiated directly
influences what information is available
at the outset, and what information
must be found. A risk assessment can be
initiated because a known or potential
stressor may be released into the
environment, an adverse effect or
change in condition is observed, or
better management of an important
ecological value (e.g., valued ecological
entities such as species, communities,
ecosystems or places) is desired. Risk
assessments are sometimes initiated for
two or all three of these reasons.

Risk assessors beginning with
information about the source or stressor
will seek available information on the
effects the stressor might be associated
with and the ecosystems that it will
likely be found in. Risk assessors
beginning with information about an
observed effect or change in condition
will need to seek information about

potential stressors and sources. Risk
assessors starting with concern over a
particular ecological value may need
additional information on the specific
condition or effect of interest, the
ecosystems potentially at risk, and
potential stressors and sources.

The initial use of available
information is a scoping process similar
to that used to develop environmental
impact statements. During this process,
data and information (i.e., actual,
inferred, or estimated) are considered to
ensure that nothing important is
overlooked. A comprehensive
evaluation of all information provides
the framework for generating a large
array of risk hypotheses to consider (see
section 3.4.1). After the initial scoping
process, information quality and
applicability to the particular problem
of concern are increasingly scrutinized
as the risk assessor proceeds through
problem formulation. When analysis
plans are formed, data validity becomes
a significant factor to consider. Issues
relating to evaluating data quality are
discussed in the analysis phase (see
section 4.1).

As the complexity and spatial scale of
a risk assessment increase, information
needs escalate. Ecosystems
characteristics directly influence when,
how, and why particular ecological
entities may become exposed and
exhibit adverse effects due to particular
stressors. Predicting risks from multiple
chemical, physical, and biological
stressors requires an understanding of
their interactions. Risk assessments for
a region or watershed, where multiple
stressors are the rule, require
consideration of ecological processes
operating at larger spatial scales.

Despite limitations on what is known
about ecosystems and the stressors
influencing them, the process of
problem formulation offers a valuable
systematic approach for organizing and
evaluating available information on all
stressors and possible effects in a way
that can be useful to risk assessors and
decisionmakers. Text note 3—3 provides
a series of questions that risk assessors
should attempt to answer using
available information, many of which
were drawn from Barnthouse and
Brown (1994). This exercise will help
risk assessors identify known and
unknown relationships, both of which
are important in problem formulation.

Problem formulation proceeds with
the identification of assessment
endpoints, and the development of
conceptual models and the analysis
plan (discussed below). However, the
order in which these task are done is
influenced by the reason for initiating
the assessment (text note 3—4). Early

recognition that initiation effects the
order of product generation will help
facilitate the development of problem
formulation.

3.3. Selecting Assessment Endpoints

Assessment endpoints are “explicit
expressions of the actual environmental
value that is to be protected” (U.S. EPA,
1992a). Assessment endpoints are
critical to problem formulation because
they link the risk assessment to
management concerns and they are
central to conceptual model
development. Their relevance to
ecological risk assessment is determined
by how well they target susceptible
ecological entities. Their ability to
support risk management decisions
depends on 